The aminoglycoside antibiotic gentamicin (GEN) was associated with nephrotoxicity in humans. Curcumin (CUR) supplementation is effective for preventing or ameliorating the renal toxicity of some drugs in patients and animals. Aim of Work: Investigating the possible protective role of Curcumin against the adverse gentamycin renal changes in rats and ellucidating its mechanism of action. Material and Methods: Twenty four adult male rats were used in this study. The animals were divided into four groups; Group I (control group), GEN group (II) received Gentamicin (100 mg/kg/day) for 21 days, CUR group (III) received Curcumin for 21 days, GEN + CUR group (IV) received GEN together with CUR (100 mg/kg) for 21 days. All animals were euthanized at the end of experiment and the kidney was obtained. Renal homogenates were assessed for oxidative stress markers Glutathione (GSH) and Malodialdehyde (MDA). Paraffin sections were processed then stained with Hx & E, Masson's trichrome and immunohistochemical stains: BAX (for apoptosis) and PCNA (for cell proliferation). Results: Curcumin had significantly (p<0.05) improved the level of MDA and GSH in renal tissue as compared to Gentamycin received rats. Histologically, gentamycin adverse histological changes were markedly improved in GEN+ CUR group. The area % of collagen fibers and positive BAX reaction in GEN+ CUR group was significantly decreased (p<0.05) as compared to GEN group. The area % of positive PCNA reaction in GEN+CUR group had increased significantly (p<0.05) as compared to GEN group. Conclusion: Curcumin could attenuate apoptosis, promote cell proliferation and protect rats against Gentamycin nephrotoxicity.
INTRODUCTION:
Nephrotoxicity is the most concerned side effect attributed to aminoglycoside antibiotic therapy. In spite of their nephrotoxic reactions, aminoglycosides are widely used against Gram-negative bacteria and bacterial endocarditis. Gentamicin (GM) is the most common nephrotoxic aminoglycoside [1] . It has been estimated that up to 30% of patients treated with GM for more than 7 days show some signs of renal impairment [2] . Although the exact mechanisms of nephrogenic injury induced by aminoglycoside antibiotics are not fully understood yet, but oxidative stress induction and the impairment of intracellular organelles functionality are supposed to be involved in this complication [3] . Moreover, drug accumulation in the plasma membranes of tubular cells especially the proximal tubules might play a role in aminoglycosides-induced nephrotoxicity [4] . As confirmed by [5] , generation of reactive oxygen metabolite (ROM) may be the basis of a variety of insults, such as that induced by gentamicin and they added that treatment with several natural and synthetic antioxidant substances has been shown to be useful in either its prevention or its amelioration in experimental rats. [6] had tested several extracts of medicinal plants including curcumin against GM-induced nephrotoxicity in rats and they uncertainly proved the basis of the protective action of curcumin extract by their antioxidant properties). Curcumin (CUR) is described by [7] as a major yellow pigment which is widely used as a spice and coloring agent in several foods and they mentioned the curcuminoids as the effective chemical that are responsible for the yellow color of turmeric, as well as the yellow color of curry. For their antioxidant and anti-inflammatory activities, curcumin and the other curcuminoids have been entered into Phase I clinical trials for cancer chemoprevention by the National Cancer Institute [8] . The aim of our research is to investigate the possible preventive role and to elucidate the mechanism of action of Curcumin on gentamicin.induced nephrotoxicity in order to gain new insights into the prophylaxis of gentamicin-induced nephrotoxicity which is a common problem limiting the use of this drug.
MATERIAL AND METHODS
Twenty four adult Wistar rats, weighing 200-250 g, were utilized in this study. The experiment agreed with all ethics of animal research and was approved from local ethical committee of the faculty of medicine, Cairo University. The animals were housed at the Institute for ophthalmologic Research in Egypt under controlled conditions with the twelve-hour day/night cycle, at the temperature of 23 º C ± 2 º C, and free access to food and drinking water.
Chemicals:
A. Gentamicin (GEN) sulfate, available commercially as Epigent ® (80 mg/2 ml ampoules), was obtained from the Egyptian International Pharmaceutical Industries Co. (EIPICO, 10 th of Ramadan City, Egypt) and diluted in 10 ml saline and as 1.2 ml for every 100 grams rat weight.
B. Curcumin (CUR) (diferuloylmethane) [1, 7-bis (4-hydroxy-3-methoxyphenyl)-1, 6-heptadiene-3, 5-dione] was obtained as Turmeric Curcumin 300mg capsules (Thompson company, USA) and dissolved in corn oil (one capsule dissolved in 15 ml corn oil) and given via gastric gavage as one ml for every 100 grams rat weight .
All chemicals used were of good quality and highest analytical grade.
Experimental Design:
Experimental animals were randomly divided into four equal groups of 6 animals each:
Group I (control group): was used as a control group and received physiological saline solution 1 ml/day intraperitoneally.
Group II (GEN group): was given Gentamicin intraperitoneally in a dose of 100 mg /kg body weight (BW)/24h for 21 days [9] .
Group III (CUR group):
Received CUR (200 mg/ kg body weight [bw] /day) dissolved in corn oil and administered to animals orally by gastric gavage for 21 days [10] .
Group IV -GEN and CUR-treated group:
Received GEN (100 mg/kg bw / day) intraperitoneally for 21 days and CUR (200 mg/ kg bw /day) orally by gastric gavage for 21 days concomitantly.
Animals of all groups were treated over a period of 21 consecutive days. Following the last application, all animals were anaesthetized, euthanized by cervical dislocation and the kidneys were subsequently removed and subjected to:
1-Biochemical analysis:
A. Lipid peroxidation:
The LPO levels were measured according to the method described by [11] using biodiagnostic kits. This method was based on estimation of the released malondialdehyde (MDA) molecules, as a result of oxidative damage of cell membranes. The concentrations of MDA were expressed as in nanomole of MDA per gram of tissue.
B. Bioassay of non-enzymatic antioxidants:
Non-enzymatic (glutathione, GSH) antioxidants were estimated in the homogenate of the kidneys of control male albino rats, those administered with repeated clinical doses of Gentamicin and those administered with repeated clinical doses of gentamicin and curcumin. The concentrations of GSH in tissue homogenates were estimated and expressed in milligrams of GSH per gram of tissue [12] .
2-Histological analysis
The kidneys were extracted, cleaned and fixed in 10%formaldehyde, dehydrated in alcohol and processed for paraffin embedding. Kidney tissue species were cut at a thickness of 5μm and stained with hematoxylin & eosin for the study of morphological changes in the kidney and Masson for detecting the collagen fibres. [13] :
3-Immunohistochemical study
Deparaffinized sections were mounted on positively charged slides and immunohistochemically assessed for BAX (to detect apoptosis) and proliferating cell nuclear antigen (PCNA) (to assess cell proliferation). After Heat-induced epitope retrieval (HIER) to deparaffinized Sections, Sections were peroxidase blocked. Primary antibodies were BAX (Dako, Denmark), PCNA (Santa Cruz, USA). Autostaining technique with Dako was performed handling Dako EnVision Flex/HRP as secondry antibodies. The prepared sections were examined and photographed using a Canon digital camera (Canon, Japan) attached to the IBM computer system.
Histomorphometric analysis:
Image analysis was performed using the software Leica Quin 500, Germany. The area percent of collagen fibers in Masson's trichrome stain and that of positive BAX as well as PCNA were measured in a standard measuring frame using a magnification x 400 by light microscopy transferred to the monitor's screen. These areas were masked by a green color using the computer system. Area percent values for each group were obtained from 5 different fields from different slides. Values were presented as a mean and standard deviation and statistically analyzed.
Statistical analysis
The area % of collagen fibres of the Masson reaction as well as the optical densities of BAX and PCNA reactions in the glomeruli, renal corpuscles and urinary in the different groups. Moreover, the values of GSH and MDA in renal tissues levels among different goups were measured in nmol/ gram tissue for MDA and in milligram/ gram tissue for GSH. All values were presented as mean and standard deviation (±SD). Statistical analysis was performed using one-way analysis of variance (ANOVA) followed by post-hoc Tukey HSD test to compare variables among the different groups. A value of P <0.05 was con¬sidered significant. Data was tabulated and repre¬sented graphically.
RESULTS

Biochemical Results:
The activities of GSH and MDA in kidneys of groups II and IV were significantly affected by the injected dose of gentamicin. In (Table 2 and histograms 4, 5) , the level of GSH was significantly increased in CUR+GM group in relation to GEN renal tissues while the level of MDA was significantly decreased in CUR + GM group in relation to group II renal tissues.
Histological analysis
Sections from control (I) group ( Figure 1A) showed normal histological structure of the glomeruli and renal tubules. The fibrosis was minimal as detected by Masson's trichome stain (Figure 2A ). In GEN group ( Figure  1B ) renal sections showed shrunken glomeruli, wide Bowman`s space and inflammatory infiltrates. Proximal tubules showed necrosis, vacuolization of cytoplasm and loss of the brush border. The distal tubules were preserved. Moreover, the apoptotic bodies appeared in some specimens ( Figure 1C ). The fibrosis was massive as detected by Masson's trichome stain ( Figure 2B ). CUR group (III) ( Figure 1C ) showed similar histology to the control group. No noticeable fibrosis as detected by Masson's trichome stain was observed ( Figure 2C ). CUR and GM group (IV) ( figure 1D ) revealed partial improvement of the histopathological alterations induced by gentamicin in the form of normal glomeruli and space of bowman capsule, alleviated proximal tubular degeneration and mild to moderate mononuclear inflammatory infiltrates. The rest of histopathological changes produced by gentamicin were completely prevented by curcumin treatment. The fibrosis was markedly deceased as detected by Masson's trichome stain ( Figure 2D ).
Immunohistochemical staining of BAX:
Group I: The kidneys of the rats of this group revealed negative BAX immune reaction of the tubular cell cytoplasm ( Figure 3A ). Group II: Revealed highly expressed reaction in the cytoplasm of the tubular cells ( Figure 3B ). Group III: No noticeable changes were seen to in this group in comparison with the group I ( Figure  3C ). Group IV: revealed apparent minimally expressed reaction in the cytoplasm of the tubular cells ( Figure 3D ).
Immunohistochemical staining of PCNA:
Group I: The renal cortex of the rats of this group revealed negative PCNA immune reaction of the tubular cell cytoplasm ( Figure 4A ). Group II: evealed apparent minimally expressed PCNA reaction in the cytoplasm of the tubular cells ( Figure 4B ) indicating minimal regeneration. Group III: No noticeable changes were seen to in this group in comparison with the group I ( Figure  4C ). Group IV: revealed highly expressed PCNA reaction in the cytoplasm of the tubular cells ( Figure 4D ).
Histomorphometric results:
The mean area % of collagen fiber deposition and the optical densities of PCNA immunoreactivity and BAX immunostaining for all groups was represented in table (1) and histograms (1-3). There was a significant decrease (P< 0.05) in collagen fibers deposition and positive BAX immunostaining in group IV compared with group II (table 1 and histograms 1, 2) while there was a significant increase (P< 0.05) in PCNA immunoreactivity in group IV compared with group II (table 1 and histogram 3). 
DISCUSSION
Aminoglycosides are antibiotics which induce many nephrotoxic effects by possible three mechanisms; renal tubular toxicity, reduced glomerular filtration and reduction in renal blood flow [14] . Gentamycin is one of the aminoglycosides that is used in the treatment of severe gram-negative infections. However, its nephrotoxicity has limited the use of it [15] . The group of rats treated with gentamicin (GM group) showed pathohistological changes in the form of the enlargement of glomeruli as well as the presence of inflammatory infiltrates in certain areas. The significant changes appeared in the proximal tubules clearly in the form of necrosis and cytoplasm vacuolization of tubular epithelial cells. Less changes appeared in the distal tubule. These data were confirmed by [16] who proved that the proximal tubular cells have receptors that bind to gentamicin and then, invaginated by the cells where it activates lysosomes and mitochondria leading to overproduction of free radicals and by this mechanism, gentamycin might produce the histopathological toxicity in this work.
Also, in agreement of this study, [17] reported that gentamyocin affects the kidneys harmfully by the production of reactive oxygen species (ROS) leading to lysosomes resulting in its destabilization and the release of lysosomal enzymes causing cell destruction. Moreover, [18] confirmed this study by giving gentamicin at a dose of 80mg/kg to experimental rats that produces significant nephrotoxicity in these rats as evidenced by histological renal changes in the form of tubular necrosis, dilatation of tubules, degen¬eration of tubular epithelial cells with casts in the tubular lumen, cell infiltration in interstitium, marked congestion of the glomeruli and extensive necrosis. In addition, [19] documented the injurious effects of aminoglycosides affecting the kidneys of numerous species of experimental animals in the form of pathological changes similar to this study. However, [1] reported that the dose has a very important factor in the aminoglycosideinduced nephrotoxicity as giving multiples low doses of aminoglycosides have long been known to cause less pathological alterations in the renal tissue. Furthermore, [20] detected the histopathological changes in distal tubules of the nephron after induction of acute necrosis in proximal tubules by the use of very high doses of gentamicin (400 mg/kg for 2 days). Moreover, [21] have been reported that many factors affects the binding of Gentamicin to cell and organelle membranes as the ischemia that enhances this binding and ca2+ that inhibits it competitively. In addition, [22] suggested other mechanisms for Gentamicin nephrotoxicity such as increasing the membrane fluidity of mitochondria, lysosomes and microsomes however, the mechanism of this effect is still unclear The present study also had quantitatively proved that the proximal tubular epithelium and the glomeruli were actually affected by apoptosis upon exposure to gentamicin. This was confirmed by the significant increase in the area % of BAX (Apoptotic marker) expression in GEN group. Several studies reported that apoptosis is as a known mechanism of the gentamicin induced nephrotoxicity causing acute tubular necrosis and acute renal failure in 10-15% of all cases [23] . Furthermore, [24] added that the rupture of the lysosomal and mitochondrial membranes releases more apoptotic signals such as acid hydrolases that bind to specific receptors inducing the process of apoptosis and necrosis especially of the cells of the proximal tubules. Moreover, [25] had considered apoptosis as a necessary process in the development of the gentamicin renal pathology by the way of activation of proapoptotic proteins that are responsible for the apoptosis.
This study supported researches done by [26] who found that co-administration of curcumin in animals treated by gentamicin ameliorated the architecture and the pathological changes of the kidney. Curcumin in the current work had attenuated significantly the area % of BAX expression confirming its antiapoptotic role. Also, the area % of PCNA positive reaction was significantly increased in CUR+GEN group as compared to GEN group declaring the cell proliferating promoting role of Curcumin. These results are also in agreement with [27] who reported that curcumin has an important prophylactic role through its effective anti-inflammatory and antioxidant actions with inhibition of reactive oxygen species formation. However, [28] has been suggested another mechanism by which curcumin initiates its protective effect through stabilization of the cell membrane by altering the membranes cation-binding characteristics. Further, [24] mentioned that curcumin can decrease tumor necrosis factor (TNF)-α and monocyte chemoattractant protein (MCP) levels in acute nephrotoxicity induced by high doses of gentamicin reducing their inflammatory injurious actions. On the other hand, Tirkey et al., (2005) [7] considered the dose as an important factor in the prophylactic effect of the curcumin as they proved that higher doses of CUR had been associated with more significant improvement of the renal dysfunction in the rat kidney that were checked by the measurement of creatinine clearance and the levels of serum creatinine and BUN which were significantly ameliorated.
The ability of curcumin, in the current work, to induce the cell regeneration of the proximal tubules and glomeruli as observed in group IV rats in comparison to group II rats after being stained by PCNA, was in accordance to Akram et al., (2010) [29] who proved the ability of curcumin to reverse the gentamicin induced nephrotoxicity by its action as a catalyst of the proximal tubules to regenerate and resume its normal architecture. However, Padmini and Kumar (2012) [30] reported that the recovery and the regeneration of the damaged renal tissues depended on dose and duration of gentamicin administration as they gave an evidence that spontaneous recovery of the injured renal tissues occur faster when use a lower doses of gentamicin with longer duration.
CONCLUSION
In conclusion, Curcumin could have a protective role against gentamicin adverse renal changes by decreasing apoptosis and promoting cell proliferation.
